Background. While extracardiac vascular disease (ECVD), defined as a history of peripheral vascular disease (PVD) or cerebrovascular disease (CBVD), is common in patients undergoing coronary artery bypass graft (CABG) surgery, there are limited data available on the association between ECVD, vein graft failure (VGF), and clinical outcomes.
Methods. Using data from the Project of Ex-vivo Vein Graft Engineering via Transfection IV (PREVENTIV) trial (n [ 3,014), 1-year angiographic follow-up and 5-year clinical outcomes (death, myocardial infarction, and revascularization) were determined in patients with and without ECVD. Logistic regression was used to assess risk of VGF. Generalized estimating equations methods were used to account for correlations in a graftlevel analysis. Kaplan-Meier estimates and Cox hazards regression were used to compare clinical outcomes. We similarly explored the association of the individual components CBVD and PVD with both VGF and clinical outcomes in an additive model.
Results. Patients with ECVD (n [ 634, 21%) were older, more commonly female, and had more comorbidities, lower use of internal thoracic artery grafting, and overall worse graft quality than patients without ECVD. VGF rates tended to be higher (patient-level: odds ratio [ Conclusions. ECVD is common among patients undergoing CABG surgery and is associated with similar short-term but increasingly worse long-term clinical outcomes. This higher risk may be partly, but not exclusively, due to higher rates of VGF among these patients.
(Ann Thorac Surg 2014;97:824-30) Ó 2014 by The Society of Thoracic Surgeons P atients undergoing coronary artery bypass graft (CABG) surgery represent a heterogeneous group in terms of cardiovascular risk factors, coronary anatomy, and the quality of available graft material [1] [2] [3] [4] . Some patients have isolated coronary artery disease, while others have extensive extracardiac vascular disease (ECVD), including cerebrovascular disease (CBVD) and peripheral vascular disease (PVD). Several studies have associated PVD with worse outcomes in patients after CABG surgery [5] [6] [7] . This association seems less clear in patients with carotid disease or CBVD. Although studies have focused on clinical outcomes, few have investigated the relationship between ECVD and risk for graft failure, despite the high prevalence of vein graft failure (VGF) and the increasing number of high-risk patients undergoing CABG surgery [4] . Such data are important as they could potentially influence the surgeon's choice to opt for arterial graft use instead of vein graft conduits in those with ECVD. Additionally, given the increased incidence of graft failure, it may help heart teams and patients balance expected risks and benefits of CABG surgery, including likelihood of successful complete revascularization, by identifying patients who will be prone to graft failure or adverse clinical outcomes. In this analysis, we investigated the relationship between ECVD and both VGF and clinical outcomes in patients undergoing CABG surgery.
Patients and Methods

Study Population
We conducted a retrospective analysis using data from the Project of Ex-vivo Vein Graft Engineering via Transfection IV (PREVENT IV) trial database. The design, primary results, and long-term follow-up have been published previously [2, 8, 9] . In short, PREVENT IV was a phase 3, multicenter, randomized, double-blind, placebo-controlled trial of ex vivo treatment of vein grafts with the E2F transcription factor decoy edifoligide in patients undergoing CABG surgery. The trial enrolled 3,014 patients at 107 US sites between 2002 and 2003. Eligibility criteria for the trial included age between 18 and 80 years, and first isolated CABG surgery for coronary artery disease with at least 2 planned vein grafts. Exclusion criteria included prior cardiac surgery or planned concomitant valve surgery, non-atherosclerotic causes of coronary artery disease, and a life expectancy less than 5 years due to comorbid illness. The first 2,400 patients enrolled in PREVENT IV were assigned to an angiographic cohort and scheduled to return for angiography 12 to 18 months after surgery. For VGF-related outcomes we included patients who underwent angiographic follow-up (n ¼ 1,828 patients, with 4,343 vein grafts). The analysis of clinical outcomes utilizes the complete PREVENT IV population (n ¼ 3,014).
Population and Outcome Event Definitions
In our study ECVD was defined as a history of the following: (1) CBVD or (2) PVD. CBVD was defined as stroke, transient ischemic attack, greater than 75% carotid stenosis, or prior carotid surgery. PVD was defined as the following: claudication (on exertion or at rest); amputation for arterial insufficiency; aortoiliac occlusive disease reconstruction; peripheral vascular bypass surgery, angioplasty, or stent; documented abdominal aortic aneurysm, abdominal aortic aneurysm repair, or stent; or other positive noninvasive testing documentation of PVD.
Outcomes included angiographic VGF and clinical outcomes including death and composites of death or myocardial infarction (MI) and death, MI, or repeat revascularization through 5 years. VGF was defined as stenosis of at least 75% of the diameter of the graft. Patients in the angiographic cohort who underwent angiography for clinical reasons and had VGF before programmed angiographic follow-up were exempt from additional angiography. All angiograms were analyzed at a core laboratory (PERFUSE Angiographic Core Laboratory, Boston, MA); the laboratory personnel who analyzed the angiograms were blinded to baseline characteristics, including history of ECVD.
Clinical outcomes were assessed annually through mail and telephone contact with the patients. Five-year followup was complete in 95.1% of patients; consent for participation was withdrawn by 2.0% of patients, and an additional 2.9% were lost to follow-up [8] . For reported events, medical records were collected, and the events were adjudicated by an independent clinical events committee using prespecified criteria.
Statistical Analysis
Categoric baseline and surgical characteristics are summarized by ECVD status at baseline as percentages and compared using a Pearson c 2 test. Continuous characteristics are reported as median and (25th, 75th) percentiles, and were compared using Wilcoxon rank-sum tests.
VGF was assessed according to patient and according to graft. Patients were considered to have VGF if at least 1 graft had VGF. Logistic regression assessed the association between ECVD and graft-failure outcomes at the patient level adjusted for possible confounders including the patient's weight, duration of surgery, use of cardiopulmonary bypass pump, use of endoscopic vein graft harvesting, worst target artery quality (as assessed by the surgeon at time of implantation), and use of a composite graft. Graft-level analyses used generalized estimating equations to account for correlation among grafts within a patient [10, 11] and adjusted for weight, duration of surgery, cardiopulmonary bypass pump use, and graft-specific endoscopic vein graft harvesting, target artery quality, and composite grafting. We similarly explored the association of the individual components CBVD and PVD with VGF in an additive model.
Kaplan-Meier estimated event rates were calculated by ECVD status for clinical outcomes. Cox hazards regression further assessed the association of ECVD with clinical outcomes, adjusting for potential confounders including age, sex, diabetes, congestive heart failure, chronic lung disease, atrial flutter or fibrillation, MI within prior 30 days, creatinine clearance, preoperative ejection fraction, preoperative cardiogenic shock, use of endoscopic vein graft harvesting, use of internal thoracic artery, worst target artery quality, worst graft quality, time on cardiopulmonary bypass pump, any prior MI, and peri-index CABG MI. Linearity and proportional hazards assumptions were checked for all covariates and transformations applied when necessary. For each clinical outcome, a nonproportional hazard was identified for ECVD. A timevarying transformation was applied such that the hazard ratio (HR) could change with increased time from baseline; estimated HRs for ECVD are plotted as a function of time from baseline and reported at key fixed time points. Similarly, we assessed the association of CBVD and PVD with clinical outcomes in an additive model. For PVD, a non-proportional hazard was identified similar to the main analysis for ECVD; we present the HR at key time points.
Finally, we sought to assess whether the relationship between ECVD and clinical outcomes might be mediated by VGF. Recognizing that this analysis might suffer from selection bias, we conducted a landmark analysis from the time of follow-up angiography, allowing a similar non-proportional hazard over time and adjusted for baseline covariates and VGF status. All statistical tests were 2-tailed, and p values less than 0.05 were considered statistically significant.
Results
Demographic and Operative Characteristics
Baseline demographic and operative characteristics are described by ECVD status in Table 1 . ECVD at baseline was identified in 634 (21.0%) of patients. Among patients with ECVD, 382 (60.3%) had CBVD, 369 (58.2%) had PVD, and 117 (18.5%) both. Patients with ECVD were older, more frequently female, and had a lower body mass index and more comorbidities. Marked differences in operative characteristics were also observed. Use of the internal thoracic artery as a bypass graft was significantly lower in patients with ECVD, and intraoperative assessment of the target artery and graft quality were less favorable in ECVD patients. Median surgery duration was also significantly longer in ECVD patients. 
All-Cause Mortality at 30-Day and Long-Term Follow-Up
All-cause mortality was not associated with ECVD status at 30 days (HR: 1.28, 95% CI: 0.84 to 1.95, p ¼ 0.12). As with the composite endpoints, the estimated risk for death associated with ECVD increased over time from surgery, resulting in an almost threefold higher risk after 5 years (HR: 2.81, 95% CI: 1.81 to 4.37, p < 0.001). Panel C in Figure 2 shows the Kaplan-Meier event curves and the estimated HRs for ECVD over time.
Landmark Analysis From Angiography
Those surviving to undergoing follow-up angiography were subsequently followed for a mean of 3.75 years from their angiogram. After adjusting for VGF status, ECVD was associated with more death, MI, or revascularization after angiography such that the HR increased with time from angiogram (30-day HR: 0.83, 95% CI: 0.56 to 1. 
Comment
In this study we investigated the association between ECVD and both vein graft patency and 5-year clinical outcomes after CABG surgery. We found that, compared with patients who did not have ECVD, patients with ECVD were older and had higher rates of comorbidities. These characteristics have probably influenced the intraoperative parameters as well, as suggested by lower use of internal thoracic artery grafting and poorer vein graft quality. After adjustment for these baseline differences, ECVD was still associated with a trend toward more graft failure at 12 to 18 months and significantly worse clinical outcomes through 5 years.
Our findings suggest that there may be factors other than associated comorbidities that influence long-term outcomes in patients with ECVD after CABG surgery. Although our hypothesis included that the relationship should be partly mediated by more VGF, our findings suggest that there are likely other factors involved as well. Our data also suggest that in patients with CBVD this relationship with VGF seems to be stronger than in patients with PVD. Apart from VGF, ECVD may be a marker for more severe associated coronary atherosclerosis. Patients with ECVD may have more diffuse, small-vessel coronary disease not amenable to complete surgical revascularization, which could contribute to the poorer long-term outcomes. Visual assessment of the quality of the target artery by the surgeon at time of graft implantation also suggests worse target arteries. Patients with ECVD may have more aggressive coronary artery disease that progresses faster than coronary disease in patients without ECVD. Although we did not collect information on the cause of death, our data suggest it could have been mediated through MI and more disease progression as measured by more revascularization. However, the increased risk for mortality could also be explained in part by noncardiac causes that are associated with ECVD, including cancer, and renal and neurologic diseases. Lastly, our data also suggest that recommended medical therapy with agents that have been shown to decrease recurrent ischemic events could be optimized in patients with ECVD who underwent CABG surgery.
Previous research on ECVD has focused on the individual components PVD and carotid disease or CBVD. Previous studies on carotid artery disease and CBVD show that a history of stroke or transient ischemic attack [12] , as well as the presence of symptomatic carotid artery stenosis [13] , increases the risk of a perioperative stroke in patients undergoing CABG. Perioperative stroke in turn is associated with increased mortality (19% vs 3.7%) in patients undergoing CABG, which persisted at long-term follow-up [14] . In our study, we found that patients with ECVD had increased risk for stroke during index hospitalization. Also, our study corroborates with previous studies in showing that CBVD patients were at increased risk for short-term as well as long-term adverse outcomes, including death. To our knowledge there have been 2 recent studies assessing PVD on early and late survival after CABG using adjustment for potential confounding factors [7, 15] . The largest study, from a contemporary Dutch population (n ¼ 10,504), found that PVD (n ¼ 1,222, 11.6%) is an independent risk factor for late mortality (HR: 1.67, 95% CI: 1.43 to 1.95) but not for early mortality [7] . Similarly, in a contemporary US cohort of 1,162 patients who underwent primary isolated CABG, investigators showed that although patients with PVD (31.8%) have more comorbidities and worse longterm survival (HR: 1.7, 95% CI: 1.2 to 2.4, p ¼ 0.004), the presence of PVD did not predict increased 30-day mortality or major adverse cardiac events [15] . Our findings are similar, as we found an increasing hazard for all-cause mortality in patients with PVD that was only significantly increased after greater than 2 years of clinical follow-up. This raises the question whether PVD should be used as one of the predictive risk elements for short-term outcomes in patients undergoing isolated CABG as is currently the case in the additive or logistic EuroSCORE (European System for Cardiac Operative Risk Evaluation) [16, 17] , EuroSCORE II [18] , and Society of Thoracic Surgeons risk scores [19] . In accordance with prior findings on PVD, our analysis suggests that early after surgery there is little relationship between ECVD and outcomes, but that over a longer follow-up, survival is substantially worse. Although the underlying mechanisms remain unclear, it could be that PVD patients undergoing CABG may be different from the populations from which the various risk models are derived. Also it could be that patients with PVD may have more rapidly progressive coronary artery disease that does not affect short-term outcomes as much as it does long-term outcomes.
Limitations
This was a retrospective, observational analysis of clinical trial data. The trial may have inclusion and exclusion criteria that limit the generalizability of these findings.
The main outcome included all-cause mortality; using cause-specific mortality instead would have allowed us to further elucidate the cause of increased mortality observed after CABG in patients with ECVD. Also, the assessment of the criteria for PVD and CBVD were site physician reported and not based on strict definitions. Although information on completeness of revascularization was not available, data on number of diseased vessels and implanted coronary bypass grafts were collected.
Conclusions
ECVD is common and associated with similar short-term and increasingly worse long-term clinical outcomes after CABG surgery. A constant increased risk was seen in patients with prior CBVD, while prior PVD was associated with an increasing risk for adverse events at followup. The higher risk of long-term adverse outcomes is likely due, in part, to higher rates of graft failure. Further research is warranted on how to improve the outcomes of patients with ECVD undergoing CABG surgery. 
